Denoising algorithm based on wavelet adaptive threshold  by Chunli, Wang et al.
Physics Procedia 24 (2012) 678 – 685
1875-3892 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of ICAPIE Organization Committee.
doi:10.1016/j.phpro.2012.02.100

,QWHUQDWLRQDO&RQIHUHQFHRQ$SSOLHG3K\VLFVDQG,QGXVWULDO(QJLQHHULQJ
'HQRLVLQJDOJRULWKPEDVHGRQZDYHOHWDGDSWLYHWKUHVKROG
:DQJ&KXQOL=KDQJ&KXQOHL=KDQJSHQJWX
6FKRRORI(OHFWURQLFDQG,QIRUPDWLRQ(QJLQHHULQJ/DQ]KRX-LDRWRQJ8QLYHUVLW\/DQ]KRX&KLQD


$EVWUDFW
WKHPDLQ LGHDRI GHQRLVLQJ DOJRULWKPEDVHGRQZDYHOHW DGDSWLYH WKUHVKROG LV WKDW VSHHFK VLJQDOV VKRXOGEHSDFNHW
WUDQVIRUPHG WR JHW WKHZDYHOHW FRHIILFLHQWV XVHG LQRSWLPDOZDYHOHW6LQFH WKH VLJQDO DQG WKHQRLVH KDYH GLIIHUHQW
UHOHYDQFHWKHUHZLOOEHGLIIHUHQWDWWHQXDWLRQVLQZDYHOHWGHFRPSRVLWLRQSURFHVV%DVHGRQDERYHFKDUDFWHULVWLFVWKH
DSSURSULDWHWKUHVKROGFDQEHFDOFXODWHGE\DQHZWKUHVKROGIXQFWLRQDQGWKHPLQLPXPPHDQVTXDUHDOJRULWKPHYHQLI
WKHQRLVHFRHIILFLHQWVFDQEHUHPRYHGDQGWKHVLJQDOFRHIILFLHQWVFDQEHVDYHG)LQDOO\WKHUHWDLQHGFRHIILFLHQWVFDQ
EHUHFRQVWUXFWHGWRUHVWRUHWKHRULJLQDOVLJQDOIRUWKHSXUSRVHRIGHQRLVLQJ

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@

.H\ZRUGVGHQRLVLQJDOJRULWKPZDYHOHWDGDSWLYHWKUHVKROG
7KHEDVLFSULQFLSOHVRIGHQRLVLQJEDVHGRQZDYHOHWWKUHVKROG
7KHPRGHORIQRLV\VLJQDOFDQEHH[SUHVVHGDVWKHIROORZLQJ>@
( ) ( ) ( )\ W I W Q W= + 
,Q\WIWDQGQWUHSUHVHQWWKHRULJLQDOVLJQDOQRLV\VLJQDODQGQRLVHVLJQDOUHVSHFWLYHO\
7KHSURFHVVLVVKRZQLQ)LJ

)LJ6FKHPDWLFRIGHQRLVLQJXVLQJZDYHOHWWKUHVKROG
Available online at www.sciencedirect.com
© 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of ICAPIE Organization Committee.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
Wang Chunli et al. / Physics Procedia 24 (2012) 678 – 685 679

7KHPDLQLVVXHVRIGHQRLVLQJDOJRULWKP RIZDYHOHWWKUHVKROG
7KHUHDUHWKUHHNH\LVVXHVLQGHQRLVLQJXVLQJZDYHOHW WKUHVKROGVHOHFWLQJZDYHOHWEDVHVGHWHUPLQLQJ
WKH GHFRPSRVLWLRQ OHYHO DQG VHOHFWLQJ WKH DSSURSULDWH WKUHVKROG DQG WKUHVKROG IXQFWLRQ >@7KLV SDSHU LV
PDLQO\LQWURGXFLQJWKHUHODWHGPHWKRGV
7KHUHDUHWZRNLQGVRIWKUHVKROGIXQFWLRQFRPPRQO\XVHG>@
+DUGWKUHVKROG
:KHQ WKH DEVROXWHYDOXHRIZDYHOHW FRHIILFLHQWV LV OHVV WKDQ D JLYHQ WKUHVKROG LW LV]HURZKHQ LW LV
JUHDWHUWKDQWKHWKUHVKROGYDOXHWKHQPDNHLWUHPDLQWKHVDPH
  

Z Z
Z
Z
λ
λ
λ
≥
<
­°
®
°¯ 
y 6RIWWKUHVKROG
>  @ 

VLJQ Z Z Z
Z
Zλ
λ λ
λ
− ≥
<
­°
= ®
°¯

,QDQGZ DUHWKHYDOXHVRIWKHZDYHOHWFRHIILFLHQWV λZ LVWKHYDOXHRIWKHZDYHOHWFRHIILFLHQWV
LPSRVHGWKUHVKROGλ LVDWKUHVKROGYDOXH
,QRUGHUWRPHHWWKHVLJQDOSURFHVVLQJUHTXLUHPHQWVRIWLPHYDU\LQJDQGQRQVWDWLRQDU\LWLVKRSHGWR
ILQGDQHZWKUHVKROGIXQFWLRQWRPDNHXSIRUWKHODFNRIWUDGLWLRQDOWKUHVKROGIXQFWLRQ>@
y 1HZWKUHVKROGIXQFWLRQ
7KHUHIRUH D QHZ WKUHVKROG IXQFWLRQ LV LQWURGXFHG DV WKH IROORZLQJV XVLQJ WKH FKDUDFWHULVWLFV RI WKH
H[SRQHQWLDOIXQFWLRQ>@

F[H
WW[W[
+
+−=

λ 
,Q F LV DQXQNQRZQFRQVWDQWZKHQ[ LV HTXDO WRSRVLWLYH LQILQLW\ Ȝ LV DSSUR[LPDWHO\ HTXDO WR[
PLQXVW,WVKRZVWKHWUHQGRIDQGWKHVRIWWKUHVKROGIXQFWLRQLVFRLQFLGHG0DNLQJ[HTXDOVWR±[LWZLOO
JHWWKHIROORZLQJUHODWLRQVIURP  W[W[ λλ −=− ˈLWFDQEHVHHQWKHQHZWKUHVKROGIXQFWLRQLVDQ
RGGIXQFWLRQ
'HQRLVLQJ$OJRULWKP RI$GDSWLYH:DYHOHW7KUHVKROG
8QELDVHG685((VWLPDWH
6XSSRVH  ; * ;+ LV WKH HVWLPDWH RI WKH PHDQ RI ; ZKLFK  3 3J 5 5→ LV WKH ZHDNO\
GLIIHUHQWLDEOH IXQFWLRQ DQG VDWLVILHV  L L
L
( J ;∇ < ∞¦  IRU HDFK { }L S∈  WKH IROORZLQJ
HTXDWLRQVDUHDOOWHQDEOH
 >   @     L L L L( ; J ; ( J ; ( J ;ξ σ+ − = + ∇ +

)RUWKHZKROHVHTXHQFH
 >   @     ( ; J ; 3 ( J ; ( J ;ξ σ+ − = + ∇ • +

680  Wang Chunli et al. / Physics Procedia 24 (2012) 678 – 685

,Q DQG  ;J;J3 +•∇+σ LV WKHXQELDVHGHVWLPDWHRI WKHPHDQVTXDUHHUURUEHWZHHQ
WKHPHDQRI;ξ DQGLWVHVWLPDWH  ; J ;+ LWLVNQRZQDV685(XQELDVHG
7KHVWHHSHVWGHVFHQWDOJRULWKP
7KH EDVLF LGHD RI VWHHSHVW GHVFHQW DOJRULWKP LV WR DGMXVW WKH ZHLJKW YHFWRUZ FRQWLQXRXV DORQJ WKH
GLUHFWLRQRIVWHHSHVWGHVFHQWWKDWLV
     

Z Q Z Q J Qμ+ = − 
,Q  Q PHDQV LWHUDWLYH SURFHVV
Z
Z-Z-J
∂
∂
=∇=  LV WKH JUDGLHQW YHFWRUμ UHSUHVHQWV WKH VWHS
DQGXVXDOO\LVDQRUPDOQXPEHU
/06$GDSWLYH$OJRULWKP
7KHDOJRULWKP/06 /HDVWPHDQVTXDUH/06LVDOLQHDUDGDSWLYHILOWHUDOJRULWKPZKLFKPDNHVWKH
HUURU VTXDUHG H RI WLPH L DV WKH HVWLPDWH RI LQVWDQWDQHRXVPHDQ VTXDUH HUURU∇ LV WKH JUDGLHQW RI H 
WRZ VRWKH/06DOJRULWKPXSGDWHGE\WKHZHLJKWYHFWRULVH[SUHVVHGDVWKHIROORZLQJ
 Ö           

Z Q Z Q J Q Z Q H Q X Qμ μ+ = − = + 
'HQRLVLQJ$OJRULWKP$GDSWLYH:DYHOHW7KUHVKROG
$FFRUGLQJWRWKHWKHHVWLPDWHGYDOXH Ö  I < RIVLJQDO
 
 
 
  

Ö Ö 
   Ö Ö 
Ö Ö 
        P
P Q P Q
P P
P Q P Q
P
P Q P Q
PP
G G
W N W NG H G H
7
G G
W N W NW N HW N H
Δ = −
++
§ · § ·
¨ ¸ ¨ ¸
¨ ¸ ¨ ¸¨ ¸¨ ¸ © ¹© ¹ LVGHVLUHGVLQFH Ö  I < LVQRLV\ LQRUGHUWR
UHGXFH WKH QRLVH DPRXQW LW XVXDOO\ PDNHV Ö  I < DQG WKH PHDQ VTXDUH HUURU

 
Ö Ö    P P Q P Q5 1 ( J G ( J GP σ= + ∇ ⋅ + 
RIIPLQLPXPDQGUHSODFHVH[SHFWDWLRQZLWKWKHPHDQYDOXHLWZLOOJHWWKHIROORZLQJHTXDWLRQ


 Ö Ö Ö    
1
L
5 I I I I I I
1 1
−
=
= − = −¦ 
7RJHWKHUZLWKPDNLQJWKHWKUHVKROG W > WKHQWKHHVWLPDWH Ö  I < FDQEHH[SUHVVHGDVIROORZLQJ

   

Ö Ö      P Q P Q
P Q
P
P P QI < F W G WQQ
φ ψ
=
= +¦ ¦ ¦ 
,Q  QPF Ö DQG QPG 
Ö DUH VFDOH FRHIILFLHQWV DQG ZDYHOHW FRHIILFLHQWV UHVSHFWLYHO\ QPG  LV D
UHTXLUHGHVWLPDWHRIZDYHOHWFRHIILFLHQWVRIQHZWKUHVKROGIXQFWLRQ
Wang Chunli et al. / Physics Procedia 24 (2012) 678 – 685 681

,I XVLQJ WKHRUWKRJRQDOZDYHOHW EDVHV DQG WKHGHFRPSRVLWLRQ VFDOH LV ODUJH HQRXJK WKHPHDQ VTXDUH
HUURUFDQEHZULWWHQDVWKHIROORZLQJ


 


Ö Ö       
P
P Q P QP
P
5 I I G W G
Q1
λ
=
= −¦ ¦ 
%\WKHDERYHHTXDWLRQLWPXVWUHTXLUHWKHPHDQVTXDUHHUURUVRIHDFKVFDOHRIZDYHOHWFRHIILFLHQWVWR
WDNH WKH PLQLPXP WR PDNH WKH WRWDO PHDQ VTXDUH HUURU PLQLPXP ,Q RUGHU WR FRPSXWH FRQYHQLHQWO\
VXSSRVH P5 LVWKHPHDQVTXDUHHUURURIWKHZDYHOHWFRHIILFLHQWVLQVFDOHRIP WKXV

 
Ö    P P Q P P Q
Q
5 G W Gλ= −¦ 
7KUHVKROG6HOHFWLRQ
7KH WKUHVKROG PW LV VHOHFWHG E\/06 DOJRULWKP WRPDNH P5 WKHPLQLPXP YDOXH7KH EDVLF LGHD RI
/06 DOJRULWKP LV WRHQVXUH WKDW WKH WKUHVKROG  +NWP RI WKHQH[W WLPH LVHTXDO WR WKHFXUUHQW WKUHVKROG
NWP DGGLQJWKHJUDGLHQWYDOXH NWPΔ ZLWKDQHJDWLYHSURSRUWLRQDOWR P5 WKDWLV
     P P PW N W N W Nρ+ = − ⋅Δ 
 
 
 
P
P
P
5 N
W N
W N
∂
=
∂
Δ :KHUH ρ LVWKHVWHSWKHNH\RIWKLVDOJRULWKPLVWRILQG
NWPΔ >@
6XSSRVH Ö QPGJ LVWKHIXQFWLRQRIHVWLPDWHRIZDYHOHWFRHIILFLHQWV QPG Ö LQWKHVFDOHRIP WKDWLV
  
Ö Ö Ö    P Q P Q P QJ G G W Gλ= − 
:KHUHλ LVWKHQHZWKUHVKROGIXQFWLRQSXWLWLQWRWKHLWFDQJHW

  
Ö Ö P P Q P Q P Q5 ( G J G G= + − 
,WLVNQRZQIURP Ö QPGJ PHHWVWKHFRQGLWLRQVIRUXQELDVHGHVWLPDWLRQRI685(WKDWLV

 
Ö Ö    P P Q P Q5 1 ( J G ( J GP σ= + ∇ ⋅ + 
,WFDQREWDLQWKHIROORZLQJHTXDWLRQE\VLPSOLI\LQJ

 
Ö Ö    P P P Q P Q5 1 J G J Gσ= + + ∇ ⋅ 
7KHJUDGLHQWRIPHDQVTXDUHHUURULV


    Ö   
Q Q
P
Q QP P Q P
J J
W N JQ W N G W N
∂ ∂
Δ = ⋅ +¦ ¦
∂ ∂ ∂
§ ·
¨ ¸
© ¹ 
(TXDWLRQZDVVXEVWLWXWHGLQWRWKHIROORZLQJHTXDWLRQ

 

Ö Ö         
    Ö   
P Q P P Q P
P Q
Q QP P Q P
G W N G W N
W N J
W N G W N
λ λ∂ ∂
Δ = ⋅ +¦ ¦
∂ ∂ ∂
§ ·
¨ ¸
© ¹ 
6XSSRVH


Ö    
 
P Q P
P
G W N
7
W N
λ∂
Δ =
∂ DQG




Ö    
Ö  
P Q P
P Q P
G W N
7
G W N
λ∂
Δ =
∂ ∂ (TXDWLRQFDQEHFKDQJHG
WR
682  Wang Chunli et al. / Physics Procedia 24 (2012) 678 – 685

     P Q
Q Q
W N J 7 7Δ = Δ + Δ¦ ¦ 


  

[
W
W
[ W [ W
H
λ = − +
+
FDQEHVXEVWLWXWHGLQWRDERYHHTXDWLRQLWZLOOJHWWKHIROORZLQJHTXDWLRQ




 
Ö
 Ö
  Ö     
P Q
P
P Q
P Q
P
P
P Q
P
G
W NG H
7 G GW NH W NW N H
Δ = − + +
+
+
§ ·
¨ ¸
¨ ¸¨ ¸© ¹

 
 
 
  

Ö Ö 
   Ö Ö 
Ö Ö 
        P
P Q P Q
P P
P Q P Q
P
P Q P Q
PP
G G
W N W NG H G H
7
G G
W N W NW N HW N H
Δ = −
++
§ · § ·
¨ ¸ ¨ ¸
¨ ¸ ¨ ¸¨ ¸¨ ¸ © ¹© ¹ 

0DNLQJDQGVXEVWLWXWHLQWRUHVSHFWLYHO\ PWΔ FDQEHREWDLQHG7KHQVXEVWLWXWH PWΔ 
LQWRWKHHTXDWLRQ
 NWNWNW PPP Δ⋅−=+ μ WKHRSWLPDOWKUHVKROGYDOXH PW RIHDFKVFDOHFDQEHREWDLQHGDQGWKHQWKH
EHVW HVWLPDWH ÖÖ 

 WGG QPQP λ= RI ZDYHOHW FRHIILFLHQWV ZLWK HDFK VFDOH FDQ EH REWDLQHG ILQDOO\ WKH
HVWLPDWH IÖ RIVLJQDOIFDQEHUHFRQVWUXFWHG
6LPXODWLRQ
7RLOOXVWUDWH WKHYDOLGLW\RI WKHQHZWKUHVKROGIXQFWLRQDQGDGDSWLYHZDYHOHW WKUHVKROGDOJRULWKP WKH
IROORZLQJGHQRLVLQJH[SHULPHQWVDUHFDUULHGRXWLQDTXLHWHQYLURQPHQWJDWKHUDYRLFHZRUNV2QHDVWKH
RULJLQDO VSHHFK VLJQDO ZLWK WKH VDPSOLQJ IUHTXHQF\ RI .+] ELW TXDQWL]DWLRQ0RQR DQG WKH QRLVH LV
DGGLWLYHZKLWH*DXVVLDQQRLVH DGRSWFRLIZDYHOHW WKHGHFRPSRVLWLRQRI OD\HUV XVH D KDUG WKUHVKROG
IXQFWLRQ D VRIW WKUHVKROG IXQFWLRQ DQG WKH QHZ WKUHVKROG IXQFWLRQ UHVSHFWLYHO\ WR FDUU\ RQ WKH DGDSWLYH
ZDYHOHW WKUHVKROG GHQRLVLQJ H[SHULPHQW WKH UHVXOWV DUH VKRZQ LQ )LJa ZKHUH WKH DEVFLVVD LV WLPH
YHUWLFDOD[LVLVDPSOLWXGH

 
D2ULJLQDOVLJQDOD2ULJLQDOVLJQDO
 
E1RLV\VLJQDOE1RLV\VLJQDO
 
F6SHHFKVLJQDODIWHUKDUGWKUHVKROGGHQRLVLQJF6SHHFKVLJQDODIWHUKDUGWKUHVKROGGHQRLVLQJ
Wang Chunli et al. / Physics Procedia 24 (2012) 678 – 685 683
 
G6SHHFKVLJQDODIWHUVRIWWKUHVKROGGHQRLVLQJG6SHHFKVLJQDODIWHUVRIWWKUHVKROGGHQRLVLQJ
 
HVSHHFKVLJQDODIWHUWKHQHZWKUHVKROGIXQFWLRQGHQRLVLQJHVSHHFKVLJQDODIWHUWKHQHZWKUHVKROGIXQFWLRQGHQRLVLQJ
)LJXUH 'HQRLVLQJVLPXODWLRQGLDJUDPZKHQWKHLQSXW615LVG%
)LJXUH 'HQRLVLQJVLPXODWLRQGLDJUDPZKHQWKHLQSXW615LVG%
 
D2ULJLQDOVLJQDOD2ULJLQDOVLJQDO
 
E1RLV\VLJQDOE1RLV\VLJQDO

 
F6SHHFKVLJQDODIWHUKDUGWKUHVKROGGHQRLVLQJF6SHHFKVLJQDODIWHUKDUGWKUHVKROGGHQRLVLQJ
 
G6SHHFKVLJQDODIWHUVRIWWKUHVKROGGHQRLVLQJG6SHHFKVLJQDODIWHUVRIWWKUHVKROGGHQRLVLQJ
 
H6SHHFKVLJQDODIWHUWKHQHZWKUHVKROGIXQFWLRQGHQRLVLQJH6SHHFKVLJQDODIWHUWKHQHZWKUHVKROGIXQFWLRQGHQRLVLQJ
)LJXUH 'HQRLVLQJVLPXODWLRQZKHQWKHLQSXW615LVG%
)LJXUH'HQRLVLQJVLPXODWLRQZKHQWKHLQSXW615LVG%

D2ULJLQDOVLJQDO

E1RLV\VLJQDO

F6SHHFKVLJQDODIWHUKDUGWKUHVKROGGHQRLVLQJ

G6SHHFKVLJQDODIWHUVRIWWKUHVKROGGHQRLVLQJ
684  Wang Chunli et al. / Physics Procedia 24 (2012) 678 – 685


H6SHHFKVLJQDODIWHUWKHQHZWKUHVKROGIXQFWLRQGHQRLVLQJ
)LJXUH 'HQRLVLQJVLPXODWLRQZKHQWKHLQSXW615LVG%
7KH615UHVXOWVZLWKWKUHHGHQRLVLQJIXQFWLRQRIZDYHOHWWKUHVKROGDUHOLVWHGLQWDEOH
7$%/(, 615&203$5,621:,7+7+5(('(12,6,1*)81&7,212)7+5(6+2/'
)XQFWLRQW\SH ,QSXW615 2XWSXW615

+DUGWKUHVKROGIXQFWLRQ
 
 
 
 
 

6RIWWKUHVKROGIXQFWLRQ
 
 
 
 
 

1HZIXQFWLRQ
 
 
 
 
 
&RQFOXVLRQ
,W LVNQRZQIURP)LJWR WKHUHDUHPRUHGLVFRQWLQXRXVVKRFNLQJSRLQWVZKLOHXVLQJKDUGWKUHVKROG
IXQFWLRQ WR GHQRLVH XVLQJ VRIW WKUHVKROG IXQFWLRQ FDQ UHPRYHPRUH QRLVH EXW LWPD\ ORVHPRUH XVHIXO
LQIRUPDWLRQWKHGHQRLVLQJHIIHFWLVJHQHUDOWKHQHZWKUHVKROGIXQFWLRQLVDFRPSURPLVHIXQFWLRQEHWZHHQ
DKDUG WKUHVKROGDQGD VRIW WKUHVKROG IXQFWLRQXVLQJ WKHQHZ WKUHVKROG IXQFWLRQ LWZLOO LQKLELW WKH VKRFN
SRLQWV WR HQVXUH WKH VPRRWK WUDQVLWLRQ RI ZDYHOHW FRHIILFLHQWV ZKLFK LV EHWWHU FRQFOXGHG IURP WKH
H[SHULPHQWGDWDDQGSURYHWKHYDOLGLW\RIWKLVLPSURYHGVSHHFKHQKDQFHPHQWDOJRULWKP
)URP7DEOHLWFDQEHVHHQWKDWWKHRXWSXW615DIWHUGHQRLVLQJH[SHULPHQWVDOOKDYHEHHQLPSURYHG
ZLWKWKUHHWKUHVKROGIXQFWLRQVFRPSDULQJZLWKWKHUHVXOWVRIWKHKDUGWKUHVKROGDQGVRIWWKUHVKROGIXQFWLRQ
WKHGHQRLVLQJHIIHFWLVPRUHWKRURXJK615LVLQFUHDVHGJUHDWO\DQGWKHFKDUDFWHULVWLFVRIVSHHFKVLJQDODUH
UHWDLQHGE\XVLQJ WKHQHZWKUHVKROGIXQFWLRQZLWK WKHKLJKLQSXW6158QGHUWKHFRQGLWLRQRI ORZLQSXW
615WKHGHQRLVLQJHIIHFWRIWKHQHZWKUHVKROGIXQFWLRQLVQRWRQO\EHWWHUWKDQVRIWWKUHVKROGIXQFWLRQEXW
DOVRLWLVEHWWHUWKDQWKHKDUGWKUHVKROGIXQFWLRQ6RGHQRLVLQJHIIHFWVXVLQJZDYHOHWWUDQVIRUPLVEHWWHUWKDQ
RWKHUVEXWWKLVNLQGRIDOJRULWKPVVKRXOGEHIXUWKHULPSURYHGZLWKORZ615
$FNQRZOHGJPHQW
7KLVZRUNLVVXSSRUWHGE\VFLHQFHDQGWHFKQRORJ\SODQQLQJRI*DQVX3URYLQFH˄1R5-=$˅
5HIHUHQFHV
>@ =KDQJ)HL$GHQRLVLQJSXULILFDWLRQPHWKRGVRIVSHHFKVLJQDOEDVHGRQZDYHOHWWUDQVIRUP>-@(OHFWURQLF0HDVXUHPHQW
7HFKQRORJ\
Wang Chunli et al. / Physics Procedia 24 (2012) 678 – 685 685

>@ 6X4LQ=KDR+HPLQJ6SHHFKVLJQDOGHQRLVLQJXVLQJZDYHOHWSDFNHWWUDQVIRUPEDVHGRQPXOWLVFDOHPXOWLWKUHVKROG>-@
6X]KRX8QLYHUVLW\
>@ =KDR5XL]KHQ6RQJ*XR[LDQJ:DQJ+RQJ%HWWHUWKUHVKROGHVWLPDWLRQRI:DYHOHWFRHIILFLHQWVIRULPSURYLQJGHQRLVLQJ
>-@-RXUQDORI1RUWKZHVWHUQ3RO\WHFKQLFDO8QLYHUVLW\
>@ ;LFKDR<LQ 3X+DQ -XQ=KDQJ$SSOLFDWLRQ RIZDYHOHW WUDQVIRUP LQ VLJQDO GHQRLVLQJ >-@ 3URFHHGLQJ RI WKH6HFRQG
,QWHUQDWLRQDO&RQIHUHQFHRQ0DFKLQH/HDULQJDQG&\EHUQHWLFV
>@ 'XDQ4LFKDQJ'HQJ\X-XDQ<LQJ]HJXL5HVHDUFKRIDOJRULWKPIRUVSHHFKHQKDQFHPHQWEDVHGRQLPSURYHGWKUHVKROG
IXQFWLRQZDYHOHWSDFNHW>-@&RPPXQLFDWLRQ7HFKQRORJ\
>@ 0D;LDRKRQJ6RQJ+XL<DQ)XOLDQJ1HZPHWKRGIRUVSHHFKHQKDQFHPHQWEDVHGRQDGDSWLYH:DYHOHW
WKUHVKROG>-@'DOLDQ8QLYHUVLW\RI7HFKQRORJ\
